Abstract
Introduction
Advances in neuroimaging and an increased reliance on its use in clinical practice has led to an increase in the discovery of patients harboring incidental cerebral aneurysms. The overall prevalence of unruptured intracranial aneurysms (UIAs) is estimated to be 3% [1] .
The most feared complication is subarachnoid hemorrhage (SAH) from an aneurysm rupture. Fortunately, the majority of aneurysms do not, and may never manifest clinically during a patient's lifetime. The incidence of SAH from an unruptured aneurysm is approximately 10 per 100,000 people per year [2] . Although rare, aneurysmal SAH is associated with a high morbidity and mortality [3] . Epidemiological studies have reported mortality rates ranging from 8 to 67% [4] .
The estimated average annual incidence of rupture has been reported to be low; the prospective phase of the International Study of Unruptured Intracranial Aneurysms (ISUIA) reported an overall yearly rupture risk of 0.7% [5] , and more recently Juvela et al. [6] published an approximate annual incidence of 1.1%. In a Japanese cohort of 5,720 patients with UIAs, an annual rupture rate of 0.95% was reported. Risk of rupture increased with size of the aneurysm and the presence of a daughter sac on the aneurysm fundus wall [7] . Risk of SAH is largely dependent on aneurysm size, location, and history of previous SAH [5] ; however, other factors have also been associated with an elevated risk of aneurysm rupture, including smoking status and female sex [8] .
Patients with ruptured and unruptured aneurysms are routinely treated under general anesthesia (GA) without incident, but there are limited data available regarding its safety in patients undergoing procedures where the goal of surgery is not related to treatment of the aneurysm. There is concern that the induction of GA, intubation, or extubation may have the potential to alter patient hemodynamics, leading to aneurysm rupture [9] .
The purpose of our study is to assess the natural history of aneurysm rupture in patients undergoing non-aneurysm-related procedures requiring GA.
Methods
This was a retrospective double center study approved by the local institutional review boards.
Patient Selection
Patients were identified from the hospital databases of 2 tertiary academic medical centers for patients via a search of the ICD-9 code for cerebral aneurysm (437. Patients were selected if they had undergone a non-cerebrovascular procedure requiring GA while harboring an unruptured, unsecured intracranial aneurysm. We also included a subgroup of women who delivered via cesarean section under spinal anesthesia.
Patients with a simultaneous diagnosis of SAH (ICD-9 code 430) and history of known ruptured aneurysm in their medical history were excluded. We also excluded patients without available imaging reports to confirm aneurysm presence and those patients who underwent procedures without documentation of GA. Patients with procedures performed using local anesthesia or conscious sedation were excluded, with the rationale that minor procedures not requiring GA did not pose a direct risk of aneurysm rupture.
Aneurysm Identification, Size, and Location
The medical record was reviewed to confirm the presence and number of unruptured cerebral aneurysms. Aneurysm locations and sizes were gathered from the neuroimaging reports and verified by review of available imaging studies.
Identification of Patients Who Had Undergone a Procedure and Follow-Up
A search of the medical record was conducted for documentation of an operative note with any report of anesthesia. The date of the procedure was cross-checked with date of aneurysm diagnosis. Patients were followed for a minimum of 1 week after procedure and up to the end of the study period.
Primary Outcome
The primary outcome was SAH within 7 days after an unrelated procedure requiring GA. The electronic medical record hospital discharge summaries were reviewed to capture any potential missed cases of SAH attributed to procedure-related aneurysm rupture. For aneurysms that were clipped or coiled during the study period, follow-up time was calculated as time from aneurysm discovery to the date of treatment.
Results
Our study of patients from 2 participating centers included a total of 110 patients harboring 134 unsecured aneurysms. The mean age of our cohort was 57 years (range, 17-92), and 68% were women (n = 75/110). The mean aneurysm size was 3.5 mm (range, 1.5-17). The majority of aneurysms studied were located in the anterior circulation (85%, n = 114/134); specific locations and sizes are listed in Table 1 . Five aneurysms were treated during the study period (2 with coiling, and 3 with clipping). There were 208 procedures performed under GA listed in Table 2 . There were no events of SAH captured in 5.7 years of follow-up.
Discussion
In clinical neurointerventional practice, we are routinely asked to comment on the risk of aneurysm rupture when there is a potential treatment intervention that may augment risk of aneurysm rupture, such as initiating anticoagulation [10] . Another common scenario is a patient with a known UIA with plans for future surgery unrelated to the aneurysm. While the risk of rupture in this situation is likely low and more dependent on factors intrinsic to the aneurysm [11] , the role of unrelated surgery in precipitating rupture is uncertain. There is limited literature available to guide the practitioner in assessing risk. Tsementzis and Hitchcock [9] reported a study of 404 patients with ruptured intracerebral aneurysms treated with microsurgical clipping, 2% experienced re-rupture at the time of induction and intubation. Seven out of the eight reported ruptures were noted to have had complicated intubations or coughed during induction, suggesting that airway manipulation and a subsequent elevation in blood pressure, may have precipitated the aneurysm ruptures.
Common strategies to reduce the risk of aneurysm rupture during anesthesia induction include careful monitoring and control of the patient's blood pressure, and avoiding spikes of blood pressure over 140 or 150 mm Hg systolic. Control of nausea and vomiting, minimizing coughing may further mitigate risk.
The recognition of intraoperative rupture (IOR) can be challenging. Neurophysiological monitoring is helpful in this regard. A gradual increase in blood pressure accompanied by a precipitous drop in heart rate may signal an IOR. Changes in the neurological exam may be difficult to assess given GA; however, raised intracranial pressure and herniation can be recognized clinically with a unilateral change in pupil size [12] . The anesthetic care of IOR is complex, and aneurysm rupture in a closed skull carries a worse prognosis due to elevation in intracranial pressure impairing cerebral perfusion [13] .
In our study, none of the 134 aneurysms of 110 patients ruptured during our follow-up period with a mean of 5.7 patient years of follow-up. A total of 208 procedures were uneventful, and there were no instances of SAH in the immediate postoperative period. The majority of patients studied (n = 85/110) came from a single center; in this cohort, aneurysm multiplicity was noted in 25% (n = 21/85). There was a family history of cerebral aneurysms in 35% (n = 30/85). These patients also carried diagnoses associated with elevated risk [14] , including hypertension (71%, n = 60/85), active tobacco smoking (54%, n = 46/85), or both (46%, n = 39/85). Despite this high-risk subgroup, there were no instances of periprocedural SAH.
Limitations in our study include the retrospective design and small sample size. The majority of UIAs followed arose from the anterior circulation and measured less than 10 mm. It is known that these smaller aneurysms are associated with the lowest rates of rupture [5] . In our cohort, the mean aneurysm size was 3.5 mm, which may further explain the absence of ruptures in our study.
It is possible that a number of UIAs with elevated risk of SAH were preemptively treated prior to planned surgery, thereby introducing a selection bias. As such, we cannot exclude the possibility of a type I error, and it is important to note that intraprocedural aneurysm rupture may be challenging to identify due to patient sedation, making management more difficult.
Conclusion
In this study, non-cerebral surgical procedures performed under GA in patients harboring unruptured intracerebral aneurysms did not precipitate rupture during or within 1 week of the surgery. Our study suggests that unrelated surgery is likely safe, but this subgroup of aneurysm patients requires further investigation to substantiate our conclusions with larger prospective multicenter studies.
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